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RESEARCH MEMORANDUM

AFRODYNAMIC STUDY OF A WING—FUSELAGE COMBINATION
EMPLOYING A WING SWEPT BACK 63°.— INVESTIGATION
OF A TARGE-SCALE MOIEL AT LOW SPEED
By Gerald M. McCormack end Walter C. Walling

SUMMARY

An investigation has been made to determine the low—speed
characteristics at high Reynolds nmubers of a 63° swept—back wing.
Aerodynamic characterlstics are presented for the wing alone and
for the wing—fuselage cambination.

The wing exhiblted longltudinal instebllity at a 1ift coeffi—
cient of sbout 0.5. The maximum effective dlhedral was about 18°,
and the wing had neutral directlonal stability up to a 1ift coeffi-
clent of about 0.6. The Puselage had negligible effect on 1lift and
pltching mamentg; it did, however, dscrease the dlhedral effect and
contributed a destabilizing increment of sbout -0.0012 to the
directional stabllity of the wing.

The relatlonships between the force and moment characteristics
and flow conditions exlsting over the wing are discussed in the
report.

INTRODUCTION

The theory developed in reference 1 Indicates that ailrcraft
employing wings of high sweepback and high aspect ratio should be
capable of efficient flight (L/D ¥ 10) at moderate supersonic Mach
numbers. To provide informetion necessary for the design of such
an alrplane, a possible configuratlon for a transport—type airplane
sultable for £light at speeds up to 1.5 Mach number is undergoing
study in the regearch facillitles of the Ames Asronsutical Leboratory.
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The design incorporates & wing with the leading edge swept back 63°,
an aspect ratioc of 3.5, and a taper ratio of 0.25, with a fuselage
of fineness ratio 12.5.

The serodynamic characteristices of thils configuration are being
examined over a large range of Mach numbers and Reynolds numbers.
This report presents the serodynsmic characteristics at low speed
end high Reynolds number es determined in the Ames 40— by 80-foot
wind tunnel.

COEFFICIENTS AND SIMBOLS

The date are presented In the form of standard NACA coefficients
and symbols, as defined in figure 1 and the following tabulation.
All forces end momsnts were computed about the stability axes with
the origin located in the plane of symmetry of the model at the same
vertical and fors-end-aft locatlion as the guarter—chord polnt of
the mean asrodynemic chord. (The stability axes are a system of
axes in which the normal (1ift) axis lles in the plane of symmetry
and is perpendicular to the relative wind; the longltudinel (drag)
axis lies in the plane of symmetry and 1s perpendlcular to the
norral asxis; and, the lateral axis is perpendicular to the plane of

symmetry. )

G,  1ift coefficient G‘i_;j)
Cp drag coefficient <£:§
q

Cm pitching-moment coefficient <Pit°hinimnt>
asSc
moment

Cq rolling-moment coefficient (r ollini ) n)

cy sectlon 1ift coefficlent

c i t cosfficient (mﬂng moment

n yavwing—-momen COE; ean q_Sb
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gide—force coefficlent (fi—di%)
Q

rate of change of 11ft coefficlent with angle of attack,
per degree

rate of change of rolling-moment coeffliclent with angle of
sidesllip, per degree

rate of change of yawlng-moment coefficlient with angle of
sideslip, per degree

asrodynamic cenbter locatlion, measured in percent of the mean
aerodynamic chord froam the leading edge

Reynolds number

dynamic pressure, pounds per square Ffootb
angle of attack, degrees

angle of sideslip, degrees

wing aresa, square feet

wing span measured perpendlicular to the plane of symmetry,
feet

mean aerodynamic chord

j; o c®ay
k/:b/z oy

local chord msasured parailel to plane of symmstry, feet

s Teet

spanwlge cooardinate, feet

agpect ratio CL:->

angle of sweep of the wing leading edge, degrees

e iiiac:
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T'e effective dihedral, degrees

MODEL AND TESTS

The gecmetric characteristics and over—a.J_'L dimengions of the
model are shown in figure 2. The wing has 63° sweepback of the
leadling edge, an aspect ratio of 3.5, a taper ratio of 0.25, and
no twist. Thé sirfoll is an NACA 6LAOO06 section parallel to the
plane of symmetry. The fuselage has a finenese ratlo of 12.5 and
a circuler cross section. The wing was mounted on the fuselage
center line with zero incidence. Based on a wing loading of 50
pounds per square foot and a design weight of 40,000 pounds, the
model tested in the 40— by 80-foot wind tunnel is about half scale.
Photographs of the wing and the wing—fuselage combination mounted
in the wind tunnel are shown in figures 3 and k.

The wing was tested alome and in combination with the fuselage.
Six~component force and moment data were obtalned through an angle—
of-attack range at each of peverasl angles of sldesiip. The data
were obtalned at a dynamic presaure of 25 pounds per square foot
(2 Reynolds mumber of 8 x 10® based upon the meen asrodynamic chord
of 8.6h £t).

The wind~tunnel data have been corrected for alr—stream incllina—
tlon and for tunnel-wall effects. A brief analysis Indlcated that
the tunnel-wall correctlons were approximately the same for unswept
and swept wings of the relatively small glze under consideration.
Therefore, the standard corrections for an unewept wing of the same
erea and spen were applled as follows:

N = 0.48 ¢y,

ACy

0.008k4 ¢ 2

No corrections have been applied for the drag and interference
of the struts. With the exceptlion of the effect on the drag resulis,
these corrections are felt to be small and negligible. The effect
on drag is of the order of ACp = 0.008 at zero 1lift, but is not
Imown wilth asufficient accuracy toc warrant application. This should
be borne in mind when the drag date are analyzed in terms of flight
characteristica.

i
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RESULTS

The aerodynamic characteristics of the wing and the &iug—
fuselage combination are presented in filgures 5 and 6, respectively.
A summary of the longltudinal characteristlcs at zero sideslip follows:

Wing—fuselage
Wing cambination
101,&, per degree 0.0k2 0.047
*a.t. location, percent T 38 38

CL _ 1.26 _ 1.32

Acnmin due to fuselage = 0.0045

The lateral-stability perameters of the wing and the wing—
fuselage combineftion are indicated In figure 7. A summery of the
lateral-stabllity characterlastice follows:

Wing—fuselage
Wing canbination
2aczﬁ/acL -0.006 - =0.005
c, —0.0036(F,218°)  —0.0030(Te315")
Pax :
Zacnﬁ /acL 0 0

zacns due to fuselage = —0.0012

lThese are average values in the low-—lift range (l.e., between
C;, =0 and CL=0.2).

2These are averag. valuss obtainsd between Cp = O and Cfp, = 0.6.

e —
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DISCUSSION

Experimentally cbtained characteristics of the wing are compared
with characteristics predicted by the method of Welseinger (reference
2) in flgure 8 and in the Pollowing tabulation:

Experimentsl? Theoretical
C1,» Por degree 0.042 0.0k1
a.c. location, percent c 38 39

Good agreemont ls obtained in the low—lift renge. Above a 1lift
coefficient of about 0.2 however, the characteristics deviate
markedly from the initial trends In a manmer which 1s itypical of
highly swept wings having a relatively high aspect ratio. Observa—
tione of tufts Indicated that these deviations were attributable to
flow separation which occurred first mear the tlps end then spresd
inward,

An accuratve prediction of the occurrence of separation over a
awept~back wing is extremely difficult due to three—dimensgional flow,
Reynolds number, etc. Hence, any method that will give & reasonsble
Indlcation of the occurrence of separation is of considerable value.
In reference 3, it was reasoned that separation over an oblique wing
could be predicted to occur when the 1ift coefficient, based on the
component of velocity normal to the leading edge, oxceeded the two—
dimensioral maximm 1ift coefficient of the alrfoll section (i.e.,
Clgep = Clpgy ©°8%A). Based on an estimated two—dimensional meximum

11ft coefficient of about 1.3 (airfoil section perpendicular to the

leading edge about 1l percent thick), the wing might be expected to

exhibit separation at Cp = 0.26. This value agrees reasonsbly well
wlth the experimentel results, which showed that separation occurred
at a 1ift coeffliclent of gabout 0.2.

The nonlinear deviations which followed the occurrence of .
gseparation at 0.2 1lift coefficlent result from the pecullar stalling
characteristics of swept wings (desoribed in detail in referemce 4).
If the analysis of reference 4 is used to interpret the character—
lstics of the present wing, 1t would appear that turbulent

See footnote 1, page 5.
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geparation occurs st a 1ift coefficlent of sbout 0.2, The drag
begins to rise rapidly while the pltching moments become more negative
due to the rearward shift of center of pressure of the sections
suffering separation. As a result the serodynamic center shifts
resrwerd to about 52 psrcent €,

Agasin, following the analysis of reference L, before turbulent
separation can spread to sn appreclable extent, leading—edge separation
gpreads suddenly along the leading edge of the wilng. In this case,
the effect of leading-edge separation becames appreclable at a 1ift
coefficient of about 0.5. As leading-edge meparation occours at a
section, the suctlion peak 1s lost and, consequently, 1ift is lost.
Since leadling-edge separation starts at the tip and travels inwerd
and, hence, forward with Increase In angle of attack, the cembter of
load moves forward, and thus causes lomgltudinal instability. (The
aerodynamic center moves forward to a position about 25 percent €
ahead of the leading edge of the mean aercdyramic chord.) This 1s
accompanied by a decrease of the lift-curve slope and a contimiation
of the rapid drag rise. As shown by figure 8, above & 1lift coefficient
of 0.55 the drag varlation approaches that of a £lat plate.

The lateral characteristics reflect the behavior evidenced In
the 1ift, drag, and pltching-moment characteristics. In figure 7,
1t i1s seen that, in the low-—1ift range, Cz,ﬁ varies approximately

linearly with 1ift coefficlient, and C-nﬂ does not change appreclably

with 1ift coefficlent. The trends set up in the unseparated flow
regime are only slightly affected by the first appearance of
separatlon., Colncldent with the reversal of the pitching-moment
curve, tha C'Lﬁ curve reverges direction and falls off rapidly,

and the ('}nB curve breaks In the positlive dlrection.

CORCLUDING REMARKS

An Investlgastion has heen made of the low-apeed aerodynamic
characteristice of a large-scale 63° swept—dack wing and wing—
fugelage combination.

In the low-1ift range, characteristics predicted by the methed
of Welsslnger agree vory well with the experimentally obtalned
characteristics. However, at a 11ft coefficient of about 0.2,
separatlon occurred over the wing. Above this 1lift cocefficlent,
the drag Increesed at a rapid rate and the wing became firat very
stable longitudinally and then extremely unstable. ILongitudinal
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instability occurred at a 1lift coeffliclent of about 0.5.

o The maximum effective dlhedral of the wing was approximately
18" at a 1ift coefficient of about 0.6. The wing exhibited neutral
directional stability up to this 1ift coefficilent.

The fuselage had negliglible effect on lift and pitching moments;
it did, however, decrease the dilhedral effect aboutb 3° and contributed
a destabllizing increment of about —0.0012 to the directlional
gtablility of the wing.

Ames Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
Moffett Fileld, Calif.
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46"

63°
- i Aspect ratio 3.5
R Taper rofic 25
N Twist [7)g
] Airfoll section NACA 644006
Area 208 3sq ff
. | incidence o°*
Fuselage
Fineness ratio 25
[ Ordinafte at

station,x  1.840(1- (g~ 1/%)** 1t

- {—-».tcao"’
)
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Figure 2.-Geomelric characteristics of 63° swept-back wing plus fuselage.
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Figure 3.— Photograph of 63° swept-back wing mounted in Ames
ho— by 80-Poot wind tunnel.
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Figure k.~ Photograph of 63° swept—back wing-fuselage combination
mounted in Ames 40~ by 80—Foot wind tummel.
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